Introduction
============

Despite advances in anesthesia and surgical care, some types of procedures associated with osteotomy during major orthopedic surgery can increase bleeding \[[@B1]\]. The blood vessels in bone are non-collapsible structures and will remain open when the bone is cut \[[@B1]\]. The exposed bony surfaces are not amenable to standard hemostatic maneuvers used during soft tissue surgery, which contributes to perioperative hemorrhage and activates coagulation and the fibrinolytic cascade \[[@B2],[@B3]\]. Surgical manipulation and associated tissue trauma also contribute to the activation of tissue factors and the systemic inflammatory response \[[@B4]\]. The inflammatory process promotes the release of serine protease by neutrophils, macrophages, lymphocytes, and endothelial cells. Elastase, one of the proteases produced by neutrophils, is involved in these processes in a variety of ways. In animal models, increased elastase activity induces a disturbance of blood coagulation, leading to hypocoagulability \[[@B5]\]. Ulinastatin attenuates the elevation of neutrophil elastase release, thereby blunting the rise of pro-inflammatory cytokine levels; however, the actual mechanism in vivo is not clear \[[@B6],[@B7]\]. Okida et al. \[[@B8]\] reported that ulinastatin normalized the coagulation function and prevented changes in TEG measurement during liver resection. Porte et al. \[[@B9]\] demonstrated that the success of antifibrinolytics in reducing perioperative bleeding suggests that hyperfibrinolysis is a major contributor to the bleeding diathesis. A recent clinical trial suggested that ulinastatin could inhibit coagulation and fibrinolysis in abdominal surgery \[[@B10]\]. Considering this study, we hypothesized that suppression of this acute phase reactive substance may reduce perioperative blood loss by improving hemostasis. In the present study, we measured a coagulation profile including antithrombin III (AT III) and fibrin degradation product (FDP) to evaluate the impact of ulinastatin on the coagulation system. AT III and FDP are useful markers for the diagnosis of altered hemostasis \[[@B7]\]. FDP is the most widely used fibrin-related marker by clinical laboratories \[[@B7]\]. On activation of the fibrinolytic cascade, plasmin catalyzes fibrin to FDP, increasing FDP levels. The natural anticoagulant, AT III, regulates the removal of thrombi from the vascular system \[[@B11]\]. The purpose of this study was to evaluate whether ulinastatin affected perioperative blood loss and blood transfusion requirements in patients undergoing major orthopedic surgery. We also evaluated the influence of ulinastatin on coagulation parameters.

Materials and Methods
=====================

After getting approval to conduct the study from the Institutional Review Board of the University Hospital, we enrolled 80 American Society of Anesthesiologists physical status I-III inpatients, aged 18 to 75 years, undergoing major orthopedic surgery, with an expected blood loss of more than 10% of their total estimated blood volume intraoperatively, including spinal fusion, total hip arthroplasty, unilateral intramedullary nailing of the femur, or fixation of pelvic bone fractures. Written informed consent was obtained from each participant. Exclusion criteria were patients with preoperative bleeding and clotting disorders, an abnormal coagulation test, thrombocytopenia, and severe renal, hepatic, or heart disease. Aspirin and other antiplatelet agents were discontinued 7 days before the scheduled procedure. The patients were divided into two groups in a controlled trial: 40 patients were given ulinastatin (ulinastatin group) and 40 patients were given the same volume of normal saline (control group).

Interventions
-------------

All patients were given an intramuscular injection of glycopyrrolate 0.2 mg and midazolam 0.05 mg/kg 15 min preoperatively. Before the induction of anesthesia, a 22-gauge catheter was inserted into a radial artery connected to a pressure transducer to measure blood pressure and to collect blood samples. Standard monitoring (IntelliVue MP70 Anesthesia, Philips, USA), including electrocardiography, pulse oximetry, capnography, noninvasive arterial blood pressure, and body temperature, was performed throughout the procedure. Anesthesia was induced with intravenous propofol 2-3 mg/kg and fentanyl 1.5 µg/kg, and muscle paralysis was obtained with rocuronium 0.6 mg/kg. Anesthesia was maintained with 1.5-3.0 vol% sevoflurane and with a repeated dose of fentanyl 1.5-2.0 µg/kg. After endotracheal intubation, the lungs were ventilated with 50% oxygen with air. The ventilation was adjusted to an end-expiratory carbon dioxide pressure of 32-42 mmHg. There was no induced hypotension and patients\' blood pressure during the study was maintained in the normal range (systolic blood pressure \> 100 mmHg). Before the surgical incision, the patients in the ulinastatin group were given 5,000 units/kg of ulinastatin, which were mixed in 100 ml normal saline intravenously over 30 min, and the control group received the same volume of normal saline over the same duration. The patients and attending physicians were unaware of group allocations. All surgeries were performed using standardized surgical techniques. Maintenance fluid requirements were replaced with balanced crystalloid solutions at a dose of 4 ml/kg/hr and hydroxyethyl starch 6% (Voluven®, Fresenius Kabi, Germany) at a dose of 10 ml/kg with allowance for a maximum of 1,000 ml as determined by the anesthetist according to central venous pressure readings, urine output, and clinical assessment. Units of packed red blood cells (pRBC) were transfused when hematocrit decreased below 28% in patients who showed hypotension with low central venous pressure, or who showed hypotension and tachycardia, or who showed signs of severe anemia. The criteria for transfusing fresh frozen plasma (FFP) was INR \> 1.5, or PTT ≥ 1.5 × normal baseline with continuing bleeding. The criteria for transfusing platelets were a platelet count \< 50,000/mm^3^, with continuing bleeding. The maintenance fluid and transfusion protocol were the same during and after surgery.

Measurements
------------

The primary endpoints were perioperative blood loss, blood transfusion, and fluid requirements. The amounts of infused fluid and transfused pRBC were recorded throughout the study period. The total operating time was also recorded. Intraoperative blood loss was recorded by measuring the volume in the suction apparatus and by estimating the amount of lost blood in the surgical pads. The apparent 12 h postoperative blood loss was determined by measuring the volume in the suction-drain bottles and blood in the dressing gauze. The secondary endpoints were changes of perioperative coagulation parameters. Three arterial blood samples were collected: before the induction of anesthesia (T1), at the end of surgery (T2), and 12 h after surgery (T3). From each sample, hemoglobin (Hb) level and coagulation parameters including, platelet count, prothrombin time (PT), and activated partial thromboplastin time (aPTT) were measured immediately after collection. To measure AT III and FDP, the blood samples were centrifuged at 3,000 rpm for 20 min at -4℃. The plasma was stored in polypropylene tubes at -80℃ until measurement. FDP was measured using a latex agglutination method (Cobas Fara II; Roche, Switzerland). AT III activity was measured using a coagulometric test kit (Berichrom™, Behring, Marburg, Germany).

Statistics
----------

The primary outcome variable was to detect a difference in blood loss between the two groups. Since no previous information for blood loss was available at the time of planning the study, a sample size calculation was performed based on a pilot study. A reduction of 35% in blood loss in the ulinastatin group, compared with control group, was considered to be the smallest clinically significant difference. With the alpha level set to 0.05 and the power at 0.80, 38 patients are needed in each group. The data were analyzed using SPSS 15.0 (Windows Software Package, SPSS, Chicago, IL, USA). Demographic data between the groups were compared using the chi-square test, Fisher\'s exact test, or an independent t-test where appropriate. Data are expressed as the mean ± SD. The Mann-Whitney U-test was used when the variables did not have a normal distribution. A P value of less than 0.05 was considered statistically significant.

Result
======

There were no differences in the characteristics of the patients and values measured preoperatively between the two groups ([Table 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}). Total hip arthroplasty procedures were performed with cemented acetabular and femoral components.

Primary endpoints
-----------------

The intraoperative blood loss was similar for both groups. However, 12 h postoperative blood loss was significantly lower in the ulinastatin group than in the control group ([Table 3](#T3){ref-type="table"}). The volume of crystalloid solution infused over the 12 h postoperative period was also lower in the ulinastatin group. The amounts of transfused pRBC throughout the study period did not differ between the two groups ([Table 3](#T3){ref-type="table"}). No patients required blood transfusion besides pRBC.

Secondary endpoints
-------------------

Hb decreased and PT was prolonged at T2, without significant differences between the two groups ([Table 2](#T2){ref-type="table"}). Platelet count and aPTT did not change significantly during the study. In both groups, AT III levels were significantly lower at T2 than at T1, and this parameter recovered at T3 compared to T2 (P \< 0.05). In both groups, FDP was significantly higher at T2 than at T1 and then decreased slightly at T3 compared to T2 (P \< 0.05). AT III and FDP levels were not significantly different in the two groups.

Discussion
==========

In this study, the administration of ulinastatin significantly reduced the early postoperative blood loss in patients with major orthopedic surgery. However, the administration of ulinastatin did not affect on the amounts of pRBC transfusion and coagulation parameters.

Ulinastatin (Ulistin®, Han Lim Pharmaceutical, Seoul, Korea), a urinary trypsin inhibitor, is a glycoprotein derived from human urine \[[@B12]\]. It also has been called mingin, human inhibitor 30, miraclid, and bikunin \[[@B13]\]. Ulinastatin is indicated for acute inflammatory disorders, including acute pancreatitis, systemic inflammatory reaction syndrome, circulatory insufficiency, disseminated intravascular coagulation (DIC), and multiple organ failure \[[@B14]\].

Urinary trypsin inhibitor exists naturally in the human body and is secreted in greater quantities during stressful conditions, such as inflammation, cancer, infection, and tissue damage \[[@B15]\]. It is composed of 143 amino acid residues and two Kunitz-type protease inhibitor domains \[[@B16]\]. Both Kunitz domains inhibit serine proteases, especially elastase. The levels of proteases such as elastase, cathepsin G, and collagenase increase during infection and inflammation, and thus protease inhibitors have anti-inflammatory activity \[[@B17]\]. In addition, the second Kunitz domain may inhibit other enzymes such as coagulation factor Xa and plasma kallikrein \[[@B18]\]. Factor Xa plays a critical role at the start of the common pathway of the coagulation cascade \[[@B6]\]. Consequently, serine protease inhibitors downregulate coagulation and the fibrinolytic cascade \[[@B15],[@B19]\]. Previous studies of ulinastatin have focused mainly on modulating inflammatory reactions. However, the hemostatic effects of ulinastatin in clinical practice have not been demonstrated clearly.

Orthopedic surgery involving the spine, pelvis, or femur can be associated with significant surgical and microvascular bleeding from venous sinuses due to difficulty in cauterization, increasing the need for blood product transfusions. However, allogenic blood transfusion carries the risks of infectious disease transmission and several noninfectious hazards, such as transfusion-related acute lung injury, post-transfusion purpura, transfusion-associated graft versus host disease, and transfusion-related immune modulation \[[@B20]\]. These risks have heightened the interest in blood conservation during surgery.

In the present study, a single infusion of ulinastatin reduced blood loss in the early postoperative period, suggesting that ulinastatin inhibits delayed bleeding. The coagulation parameters, including FDP and AT III, were similar in both groups throughout the study period. At the end of surgery, FDP was significantly higher, whereas AT III levels were significantly lower than before surgery in both groups. Because FDP is the product of the fibrinolysis cascade and AT III is consumed during hemorrhage, plasma FDP and AT III levels may be markers of coagulation status and the severity of hemorrhage \[[@B19]\]. Ulinastatin did not affect FDP or AT III, possibly because of the relatively low blood loss during the study period. No patients showed life threatening bleeding leading to coagulopathy.

PT was prolonged significantly, while aPTT remained unchanged in both groups, indicating that coagulation factors are consumed during hemorrhage but ulinastatin did not affect the consumption of these factors. Although PT and aPTT are influenced differently by the intrinsic and extrinsic coagulation pathways, there are abundant factors and coagulation components in the circulation. More enzymatic steps are involved in aPTT than in PT \[[@B21]\], which could explain the prolonged PT and no change in aPTT in the present study.

Various factors are involved in the coagulation cascade. For example, cytokines are primary mediators that cause an imbalance in the hemostatic system in DIC \[[@B7]\]. During the systemic inflammatory response, pro-inflammatory cytokines are produced from perturbed vascular endothelial cells and mononuclear cells, and this promotes intravascular fibrin formation and deposition \[[@B7]\]. Elevated levels of interleukin - 6 and interleukin - 8 are reduced by ulinastatin pretreatment in cardiac surgery \[[@B22]\]. Interleukin - 6 increases after trauma or surgical procedures and is positively correlated with the extent of tissue injury \[[@B23]\]. Peak circulating interleukin-6 occurs 4-6 hours after trauma, reflecting transcription time \[[@B24]\]. In humans, ulinastatin is excreted by the kidneys and its main function is probably in plasma \[[@B25]\]. The plasma half-life of ulinastatin during 0-3 hours after injection was 33 min and during the following 4 hours the half-life was 2 hours \[[@B25]\]. Thus, ulinastatin may inhibit inflammatory cytokines within a few hours of trauma and decrease early postoperative hemorrhage. However, further study of cytokine levels is required to confirm this hypothesis.

The beneficial effect of ulinastatin on blood loss under other clinical conditions, including sepsis, severe inflammatory states, bleeding and clotting disorders, is uncertain. The dose of ulinastatin and the timing of administration can also be limiting factors. To examine the perioperative effect of ulinastatin on inflammatory cytokines, ulinastatin was given at a dosage of 150,000 units every 12 hours from the start of induction of anesthesia until the fourth postoperative day \[[@B26]\]. Ulinastatin significantly modulated the acute phase response in the circulatory shock subsequent to hepatic resection. We used a lower dose because of its high cost to confirm its effect on blood loss. Nishiyama et al. \[[@B10]\] reported the effect on the fibrinolysis and coagulation during abdominal operation using intravenous administration of 6,000 units/kg of ulinastatin. The single infusion of 5,000 units/kg of ulinastatin in our study showed reduced postoperative blood loss in patients receiving orthopedic surgery. We also did not strictly perform a protocol for blood transfusion in the postoperative period. The amounts of transfused pRBC that patients received in the postoperative period were dependent on an assessment of clinical needs, symptoms, and surgeons\' preference rather than our protocol alone. However, staffs were blinded to the treatment group, limiting the ability to bias the results. These results also require further work to identify a dose-dependent effect of ulinastatin on blood loss.

In conclusion, a single infusion of ulinastatin during major orthopedic surgery reduces blood loss in the early postoperative period. Ulinastatin may be useful when continuous postoperative bleeding from venous sinuses is expected. The potential beneficial effects of cytokines in perioperative blood loss with the mechanism of action deserve further investigation.
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Demographic Data of the Patients
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Values are presented as number of patients or mean ± SD.
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Perioperative Coagulation Data
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Values are presented as mean ± SD. T1: before surgery, T2: at the end of surgery, T3: 12 h after surgery, PT: prothrombin time, aPTT: activated partial thromboplastin time, Hb: hemoglobin, FDP: fibrinogen degradation product. ^\*^P \< 0.05 compared with the value at T1. ^†^P \< 0.05 compared with the value at T2.

###### 

Estimated Blood Loss, Transfused pRBC and Fluid Volume
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Values are presented as mean ± SD or proportion. T2: at the end of surgery, T3: 12 h after surgery, pRBC: packed red blood cell. ^\*^P \< 0.05 compared with control group.
